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Effects of KCI infusions on proximal tubular function in normal
and potassium-depleted rats. In order to extend reports indicating
that potassium loading inhibits proximal tubular water reab-
sorption and that potassium depletion causes enhanced proximal
bicarbonate reabsorption, experiments were carried out on
normal rats and on rats depleted of potassium by dietary means
alone. Dietary variables other than potassium were not present
in our studies. Despite significant potassium depletion, metabolic
alkalosis was not present in the potassium-restricted group.
Isotonic KCI infusions in normal animals suppressed proximal
tubular water reabsorption in association with a reduction in
the absolute net reabsorptive rate for bicarbonate. In contrast,
isotonic KCI infusions in potassium-depleted animals did not
alter absolute bicarbonate or water reabsorption by proximal
tubules. Although fractional bicarbonate reabsorption was
higher in normal rats than in potassium-depleted animals, we
were unable to show a statistically significant increase in the
absolute reabsorptive rate for bicarbonate. However, fractional
bicarbonate reabsorption fell in response to the potassium in-
fusion in both normal and potassium-depleted rats, an effect
which occurred in association with decreases in fractional water
reabsorption.
Effets de l'infusion de KCI sur Ia fonction tubulaire proximale
de rats norinaux et déplétes en potassium. Des experiences ont
été conduites chez des rats normaux et des rats déplétés en
potassium, au moyen d'un régime adequat, afin d'accroItre les
arguments qui indiquent que Ia charge en potassium inhibe Ia
reabsorption tubulaire proximale d'eau et que Ia dCplétion en
potassium determine une augmentation de Ia reabsorption
proximale de bicarbonate. Malgré une déplétion en potassium
significative I'alcalose metabolique n'a pas apparu dans le
groupe restreint en potassium. L'infusion de KCI isotonique
aux animaux normaux diminue Ia reabsorption proximale d'eau
en même temps que diminue le debit net de reabsorption du
bicarbonate. Au contraire l'infusion de KCI isotonique aux
animaux déplétCs ne modifie pas la reabsorption absolue d'eau
ou de bicarbonate par les tubes proximaux. Bien que Ia réab-
sorption fractionnelle de bicarbonate soit plus grande chez les
rats normaux que chez les animaux déplétés, il nous a etC im-
possible de mettre en evidence une augmentation significative
du debit de reabsorption absolue de bicarbonate. La réabsorp-
tion fractionnelle de bicarbonate, cependant, diminue en rC-
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ponse a l'infusion de potassium a Ia fois chez les rats normaux
et chez les rats déplCtés, effet qui survient en association avec
des diminutions de Ia reabsorption fractionnelle d'eau.
Recently Brandis, Keyes and Windhager (1] reported
that isotonic potassium infusions depress proximal tubular
water reabsorption in the rat with little apparent extra-
cellular fluid (ECF) volume expansion. Others [2] have
drawn attention to the possibility that proximal tubular
bicarbonate reabsorption may also modulate the rate of
water efflux. Accordingly, the mechanism(s) by which
potassium loading initiates the effects noted by Brandis et al
[2] could conceivably be through changes in plasma bi-
carbonate concentration, filtered bicarbonate loads, or
changes in proximal tubular bicarbonate reabsorption.
Other studies [3, 4] have emphasized another aspect of
the role of potassium in controlling proximal tubular
function; potassium depletion has been reported to enhance
proximal tubular bicarbonate reabsorption. These studies,
however, did not evaluate this effect of potassium depletion
in isolation of other variables which could influence
hydrogen ion secretion (desoxycorticosterone acetate,
sodium sulfate, or chloride restriction) and they did not
exclude possible effects of potassium depletion on proximal
tubular water reabsorption.
The three objectives of the present study were to deter-
mine 1) the changes in proximal tubular bicarbonate
handling associated with isotonic potassium loading, 2) the
effects of selective potassium depletion per se on absolute
net reabsorptive rates for water and bicarbonate by proxi-
mal tubules and 3) the response of proximal tubular water
and bicarbonate reabsorption to potassium loading in
potassium-depleted rats.
Methods
Male Sprague-Dawley rats (Charles River) were used.
Potassium-depleted animals drank tap water and ate a
diet of the following composition:
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Ingredient
___________
NaCI
MgCI2 6H20
Ca3(P04)2
Basal diet
The basal diet (GBI, Chagrin Falls, Ohio) was composed
as follows:
Ingredient
________
Casein
Corn starch
Cellulose
Hydrogenated vegetable oil
Salt mix (excl. Na, K, Mg, Cl)
Vitamin mix
The salt mix contained the following (g/kg of diet): calcium
iodide (Cal2 6H20), 0.0014; zinc sulfate (ZnSO4 7H20),
0.152; calcium carbonate (CaCO3), 1.432; calcium citrate, 10.00;
calcium phosphate monobasic (Ca[H2PO4]2 H20), 10.845;
ferric animonium citrate, 0.611239; cupric sulfate (CuSO4 5H20),
0.0031; manganese sulfate (MnSO4 H20), 0.008; aluminum
ammonium sulfate (A1NH4[S04]2 12H20), 0.0037; and cal-
cium fluoride (CaF2), 0.019.
The vitamin mix contained the following (g/kg of diet): dry
vitamin A (500,000 U/g), 0.034; dry vitamin D2 (500,000 U/g),
0.0034; dry vitamin E acetate (500 U/g), 0.199; aminobenzoic
acid, 0.010; biotin, 0.0003; vitamin B12 with mannitol (0.1 %),
0.015; calcium pantothenate, 0.020; choline bitartrate, 1.000;
folic acid, 0.0055; inositol, 0.400; menadione, 0.005; niacin,
0.020; pyridoxine HCI, 0.005; riboflavin, 0.010; and thiamine
HCI, 0.005.
The control group ate a diet of identical composition
except for the addition of KCI (22.32 g/kg). Both groups
of rats ingested these diets for 12 days prior to the micro-
puncture experiments, urine collections, and body fluid or
tissue analyses. Because rats on the potassium-deficient
diet did not gain weight as rapidly as the normal animals,
they were started at a somewhat older age so as to insure
that no difference in body weight (about 250 g) between
the two groups was present at the time of experimentation.
Micropuncture experiments. In all rats an infusion of
isotonic saline solution (1 % of body wt/hr) was begun as
soon as the jugular vein was catheterized. This infusion
was continued for at least 90 minutes before the first
blood, urine, or micropuncture samples were taken. After
an initial period of about 45 minutes during which 3 to
6 late proximal tubules were sampled, an isotonic KCI
solution (1 % of body wt/hr) replaced the saline infusion.
The recollection period started exactly 30 minutes after
the KC1 infusion was begun. All animals with proximal
transit time greater than 12 seconds, blood pressure less
than 100 mm Hg or (in the potassium-restricted group)
initial plasma potassium concentration greater than
2.3 mEqfliter were excluded from study. Other aspects of
the operative procedure, sampling technique and calcula-
tions involving micropuncture data have been detailed
previously [5, 6].
Analyses. Tubular fluid bicarbonate concentration was
determined using an ultramicro glass pH electrode [7],
and inulin by scintillation counting of 3H-inulin (Amer-
sham-Searle) [6]. Urine for the determination of 24-hour
potassium excretion and osmolality was collected in
Plexiglas balance cages under oil using thymol as pre-
servative. Muscle samples were dried in an oven overnight
at 105°F and ashed in a muffle furnace at 450°F using
concentrated nitric acid to obtain white ash. The ash was
dissolved in 3 ml of 1:1 hydrochloric acid and made
to 25 ml with demineralized water. Potassium was deter-
mined by flame photometry. Details of all other analyses,
including acid-base procedures, have been reported pre-
viously [5, 6].
Light and electron microscopy. For light microscopy the
kidneys were fixed in 10% neutral formalin; sections of
paraffin-embedded tissue were stained with hematoxylin-
eosin and by the periodic acid Schiff (PAS) technique.
Tissue for electron microscopy was fixed first in phosphate-
buffered 2.5% glutaraldehyde and then in phosphate-
buffered 1 % osmium tetroxide. Ultra-thin sections of
Epon-embedded tissue were stained with uranyl acetate
and lead citrate and examined with the electron micro-
scope (Philips EM 300).
Statistical methods. All values reported are mean
standard error of the mean (± sEM). Two analyses of
variance models were derived to deal with replicate values
in different rats for paired and unpaired observations for
an unbalanced nested design (see Appendix). This per-
mitted us to calculate estimates of sensitivity for a group
of experiments when no significant differences were ob-
tained after accounting for animal, treatment and tubule
effects. In addition, statements of significance were derived
from F values. Accordingly, appropriate weighting, resulting
from variation due to animals, tubules, and random error
were automatically applied. In this way unjustified bias
resulting from unequal numbers of tubules sampled in
each animal was avoided. When only one measurement was
made in each animal or in each period (e.g., urine potas-
sium excretion, plasma protein concentrations, hematocrit)
conventional paired or unpaired t testing was carried out
instead of analysis of variance although the resulting con-
clusions are identical.
Results
Table I summarizes blood, urine, and muscle data from
normal and potassium-depleted rats. Despite the marked
differences in plasma potassium concentration, urine osmo-
lality, potassium excretion, and muscle potassium content,
no change in acid-base status was evident.
Light microscopy showed coarse, PAS-positive granules
to be conspicuous in the cytoplasm of collecting duct cells
g/kg of diet
14.61
20.91
12.90
951.58
Percent
26.0
58.3
1.7
10.0
2.31
1.73
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Table 1. Summary of data from normal and potassium-depleted rats
Determinations Control Potassium-
depleted
Significance
Plasma
Potassium,
mEq/ liter
HCO3-,
mEq/liter
Protein,
g/100 ml
3.6±0.08
(N= 15)
25.5± 0.4
(N= 10)
5.1±0.07
(N= 12)
2.0±0.06
(N= 30)
25.8±0.4
(N= 14)
5.6±0.08
(N= 18)
P<0.001
NS
P<0.001
Blood
Pco2,
mm Hg
pH
Hematocrit,
%
43.8±1.2
(N= 10)
7.39±0.01
(N=10)
44.8±0.7
(N= 14)
41.5±1.2
(N= 14)
7.42± 0.01
(N=14)
50.3±0.7
(N= 18)
NS
NS
P<0.001
Urine
Potassium,
mEq/24hr
Osmolality,
mOsm/liter
5.63±0.24
(N=12)
1070±60
(N= 12)
0.046±0.006
(N=11)
374±51
(N= 11)
P<0.OOl
P<0.001
Muscle
Potassium,
mEq/IOOg
of dry wt
30.4±0.6
(N= 12)
26.5 0.8
(N= 12)
P< 0.001
Fig. 1. Kidney section from a potassium-depleted rat showing
PAS-positive granules in medullary cells of the papilla. The
arrow points to granules in the epithelial cells of a collecting
tubule (PAS stain, x 550).
as well as in endothelial and interstitial cells of the papillary
region of the medulla (Fig. 1). Ultrastructurally, these
were represented primarily by multivesicular bodies with
a single limiting membrane. Kidneys of control animals
did not show these changes.
Potassium-depleted animals had higher hematocrit values
and plasma protein concentrations than control animals.
Table 2 summarizes the comparison of micropuncture
data from 5 control (24 tubules) and 6 potassium-depleted
rats (26 tubules). Whole kidney glomerular filtration rate
(GFR) was higher in the potassium-depleted animals
(1.20 0.09 mlfmin) than in controls (1.08 0.03), 0.05>
P>0.02, (N= 11). Other determinations are given in
Table 1. Although fractional and absolute reabsorptive
rates for water are not influenced by potassium depletion,
fractional bicarbonate reabsorption is strikingly higher in
the potassium-depleted group. In contrast, we were unable
to show a significant change in the absolute net reabsorp-
tive rate for bicarbonate. Analysis of variance indicated
that in these experiments a difference of approximately
10% of the gross mean, if present, would have been de-
tected at 0.05 level of probability. Fig. 2 shows the plot of
fractional bicarbonate reabsorption versus plasma potas-
sium concentration in normal and potassium-depleted rats
both before and after potassium loading. The curve is
generated by a stepwise regression analysis. It is of interest
that after potassium loading of potassium-depleted rats,
both plasma potassium concentration and fractional bi-
carbonate reabsorption return to levels indistinguishable
from those of control animals.
Isotonic potassium loading of normal rats. Table 3 sum-
marizes the effects of potassium loading on 5 normal
animals. In these animals plasma potassium concentration
Table 2. Summary of micropuncture data
from control and potassium-depleted rats a
Control Potassium
depletion
Sensi-
tivity
Signifi-
cance
SNGFR, 31.8±1.2 28.6±1.3 3.2 NS
nI/mm
TF/PJ 1.79±0.07 1.81±0.03 0.11 NS
TF/PHCO3 0.37± 0.01 0.21 0.01 0.04 P<0.001
Fract HCO3 0.77± 0.02 0.88±0.01 0.04 P<0.OOl
AbsH2Oreab, 13.2±0.9 12.7±0.6 1.8 NS
nI/mm
AbsHCO3reab, 684±30 751±37 73 NS
ppEq/min
a Data derive from 11 animals, 50 tubules. NS= not significant
at the 0.05 level of probability. "Sensitivity" refers to the
absolute difference in mean, if present, that could be detected
as significant at the 0.05 level of confidence. SNGFR = single
nephron glomerular filtration rate; TF/PIJ, =tubular fluid
to plasma inulin concentration; TF/PHC03 = tubular fluid to
plasma bicarbonate concentration; Fract HCO3 =fractional
HCO3 reabsorption; Abs H20 reab =absolute reabsorptive
rate of H20; Abs HCO3 reab = absolute reabsorptive rate of
HCO3.
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203 mJ2Eq/min), P>0.05. Potassium excretion was 951
98 miEq/min (control) and 1409 mj.tEq/min after
the KCI infusion, P>0.05.
Table 3 and Fig. 2 show that potassium loading is as-
sociated with striking changes in fractional bicarbonate
reabsorption, and absolute reabsorptive rates for water
and bicarbonate, although no change in plasma bicarbonate
concentration, or Pco2 was noted. Although the fall in
water and bicarbonate reabsorptive rates were not widely
dissimilar in magnitude (34% and 27%, respectively), a
comparison of the ratio of absolute bicarbonate reabsorbed
per unit of water reabsorbed for each tubule revealed a
significant change: 56.9 5.5 tEq/nl (control) vs. 66.3
7.3 ptEq/nl (K loading), 0.05> P>0.025. This probability
level (F test) is again derived from analysis of variance
(see Methods).
Isotonic potassium loading of potassium-depleted rats
(Table 3). After potassium loading, plasma potassium con-
centration rose from 2.1 1.2 mEq/liter to 3.3 0.15 mEq/
liter, P <0.001, but plasma bicarbonate concentrations
(25.9 1.1, 26.2±1.3 mEq/liter) and arterial Pco2 were
stable (43.3±2.3 and 41.4±2.4mmHg) in both experi-
mental periods. In addition, there was no significant change
in urinary sodium excretion (516 95, 592±141 mLLEq/
mm), potassium excretion (64.2 8.5, 82 12.7 misEq/min),
whole kidney GFR (1.20 0.09, 1.27 0.09 mI/mm) or
hematocrit value (50.9±0.9, 48.4±0.7%). In contrast to
the results observed in the normal rats, potassium-depleted
animals showed a significant increase in single nephron
glomerular filtration rate (SNGFR) but no changes in
absolute net reabsorptive rates for water and bicarbonate
reabsorption. As already noted above, a restoration of
fractional bicarbonate reabsorption to normal was asso-
ciated with the potassium infusion (Fig. 2). Although no
significant change in absolute water or bicarbonate re-
absorption was detected, analysis of variance revealed
Table 3. Summary of recollection micropuncture data from potassium loading experiments on normal and potassium-depleted rats a
SNGFR
ni/mm
TFIPJ TF/PHC03 Fract HCO3 Abs H20 reab
ni/mm
Abs HCO3 reab
ppEq/min
Cont K load Cont K load Cont K load Cont K load Cont K load Cont K load
Mean
SEM
Significance
Sensitivity
31.4 30.8
1.28 0.95
NS
3.2
1.82 1.44
0.08 0.04
P<0.00l
0.16
0.36 0.59
0.02 0.03
P<0.O01
0.09
0.79 0.57
0.02 0.03
P<0.001
0.05
13.5 8.9
1.1 0.8
0.001< F<0.005
2.4
689 505
3.6 27
P<0.OOl
72
Mean
SEM
Significance
Sensitivity
K dep K load
28.5 34.9
1.5 3.3
0.025<P<0.05
6.4
K dep K load
1.85 1.58
0,04 0,05
P<0.00l
0.2
K dep K load
0.21 0.33
0.01 0.02
P<0.OOl
0.04
K dep K load
0.89 0.80
0.01 0.01
P<0.001
0.032
K dep K load
12.9 13.3
0.6 1.6
NS
3.4
K dep K load
782 855
35 92
NS
186
a Data derive from ten animals, 37 tubules. "Sensitivity" refers to absolute difference in mean, if present, that could be detected as
significant at the 0.05 level of confidence. Cont = control animal; K load = potassium-loadedanimal; K dep = potassium-depleted
animal. For remaining abbreviations, see Table 2.
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Fig. 2. Fractional bicarbonate reabsorption as a function of
plasma potassium concentration. Each point represents the mean
of several tubules from one period of one rat. Y= 0.97— 0.0182X2.
rose from 3.5 0.08 mEq/liter to 4.5 0.17 mEq/liter,
P< 0.01. Plasma bicarbonate concentrations were 25.4
0.4 mEq/liter before the infusion and 26.0 1.1 mEq/liter
after the infusion. Corresponding values for Pco2 (42.8
1.0 and 4l.6±1.7mmHg) showed a similar stability.
Hematocrit values fell significantly (P <0.05) from 47.0
0.8 to 43.0±1.1%, measured on the first and last blood
samples. Whole kidney GFR was unchanged being 1.08
0.03 mI/mm (control) and 1.02 0.06 ml/min (potassium
loading), P>'0.05. Whole kidney sodium excretion did
not increase significantly after potassium loading (311
75 mj.tEq/min) when compared with control values (561 ±
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that significant animal or tubule effects were not present
indicating that the animals and tubules were homogenous
within the limits of the experimental error and, conse-
quently, would reinforce the nonsignificance of the treat-
ment effects. It is, however, true that the sensitivity of the
experiment was lower in the case of the potassium-depleted
rats (Table 3). Finally, the ratio of bicarbonate to water
reabsorbed was significantly increased as a result of cor-
rection of the hypokalemia; 58.2±1.9 vs. 66.9± 2.6 i.tpEq/nl,
p<0.01.
Discussion
Potassium loading of normal rats. It should be recalled
at the outset that our objectives did not include the de-
monstration that isotonic KCI loading of normal rats
suppresses the rate of proximal tubular water reabsorption
exclusive of an effect of ECF volume expansion. We are
satisfied that the studies carried out by Brandis et al [1] in
the rat convincingly show that ECF volume expansion
could not have played an important role. Although they
observed a small increase in whole kidney sodium excre-
tion, equivalent loading with NaCI and peritubular per-
fusions of KCI, both during free-flow collections and split-
droplet measurements, seem to confirm the existence of
the proximal tubular effect independent of the state of
ECF volume. We attempted to reproduce their protocol,
and our results show virtually identical proximal tubular
responses as far as water reabsorption is concerned. In
contrast to their observations, we did not note any rise in
the rate of whole kidney sodium excretion, further indi-
cating that in our experiments ECF volume expansion
could not have been conspicuous. It is worth mentioning,
however, that even if a small component of volume ex-
pansion were present, the massive suppression of bicarbon-
ate reabsorption we observed in the face of constant whole
kidney sodium excretion remains a matter of intense
interest in the light of the following discussion.
In view of the report of Ulirich et al [2] suggesting coup-
ling between bicarbonate and water reabsorption, we
considered it possible that the reduction of proximal
tubular water reabsorption following potassium loading
was mediated through changes in hydrogen ion secretion.
Although the fall in water reabsorption was not associated
with changes in plasma bicarbonate concentration or Pco2,
there was a marked reduction in absolute net bicarbonate
reabsorption. In addition, in both normal and potassium-
depleted animals (see following), a fall in both fractional
bicarbonate and fractional water reabsorption occurred
after the potassium infusions. Despite the fact that the
ratio of absolute bicarbonate to absolute water reabsorbed
changed significantly (see Results), we believe our studies
in no way exclude the possibility that the fall in bicarbonate
reabsorption was causally related, at least in part, to the
fall in water reabsorption as suggested by Ullrich et al [2].
In view of marked decreases in both absolute water and
absolute bicarbonate reabsorption (34 and 27 %, respec-
tively), there is much less indication of a major dissociation
of bicarbonate and water reabsorption than in other studies
already reported from this laboratory [5, 6]. Indeed, we
have already offered reasons [6] why free-flow absolute
reabsorptive rates may be an insensitive means of con-
firming or disproving the existence of a coupling mecha-
nism of this nature.
Potassium loading of potassium-depleted rats. In contrast
to normal animals, potassium-depleted rats given similar
amounts of isotonic KCI did not show reductions in ab-
solute net water reabsorption despite similar increases in
plasma potassium concentrations. Further, bicarbonate
reabsorption was also not influenced by potassium loading,
if expressed in absolute terms. This may indicate that only
when plasma or intracellular potassium exceeds normal
concentrations do suppressive effects take place. Fig. 2
shows that when potassium-depleted rats were given iso-
tonic KCI, plasma potassium concentrations were similar
to those of normal rats and fractional bicarbonate reab-
sorption was also indistinguishable from control values.
Comparison of normal and potassium-depleted rats. In
our studies we could not show that potassium-depleted
animals reabsorbed more bicarbonate than controls when
the findings were expressed in absolute terms, although
TF/PHC03 was lower and fractional bicarbonate reabsorp-
tion was markedly higher than in control animals. By
estimating proximal tubular fluid bicarbonate concentra-
tions Kunau et al [4] have reported lower TF/PHCo3 levels
in animals treated with desoxycorticosterone acetate
(DOCA), and drinking sodium sulfate and eating a diet
low in potassium as well as chloride. Bank and Ayned-
jian [3] have reported higher fractional bicarbonate reab-
sorption in animals eating a diet low in potassium and
chloride. Our studies suggest that significant changes in
fractional or absolute water reabsorption do not underlie
these alterations in bicarbonate reabsorption.
It must be recalled that it was our aim to evaluate changes
in bicarbonate handling that accrue solely from dietary
potassium depletion and not in association with other
factors (sodium sulfate, desoxycorticosterone, or chloride
depletion) which may alter hydrogen ion secretion via
mechanisms possibly independent of their effects on potas-
sium homeostasis. Although our results do not support the
unqualified statement that potassium depletion "enhances"
proximal tubular bicarbonate reabsorption, they do con-
firm the essential observations of the early investigators
we have noted. Analysis of variance reveals that a 10%
difference in the absolute reabsorptive rate for bicarbonate,
if present, would have been detected at the 0.05 level of
confidence. However, in view of the fact that the increase
in the absolute reabsorption of bicarbonate almost reached
the 0,05 level of significance, we consider it possible that
more severe potassium depletion, or changes in the basal
diet, could be associated with a more obvious enhancement
of absolute bicarbonate reabsorption. Lower (but not
significantly so) SNGFR in the potassium-depleted group
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accounts for the presence of a significant increase in frac-
tional but not in absolute bicarbonate reabsorption. The
failure of absolute bicarbonate reabsorptive rates in our
potassium-depleted rats to be higher than normal is in-
extricably related to the fact that our potassium-depleted
animals did not develop systemic metabolic alkalosis. That
is, we believe that if we had infused bicarbonate or used
bicarbonate-containing split-droplets, higher absolute re-
absorptive rates for bicarbonate may well have been
demonstrated.
Systemic acid-base effects. In these studies metabolic
alkalosis did not result from selective potassium depletion.
The fact that pathognomonic medullary lesions of potas-
sium depletion [8] were noted in our animals (Fig. 1),
as well as significant changes in plasma potassium
concentration, muscle potassium content, urine osmo-
lality and potassium excretion, indicates that the ex-
perimental group was significantly potassium-depleted.
Recently, Wright et al (9] also failed to observe metabolic
alkalosis in rats depleted of potassium by dietary means.
We believe that evidence is lacking to support the view
that potassium depletion per se generates metabolic alka-
losis in rats. To our knowledge all but one of the reported
studies' have at one time or another involved either
desoxycorticosterone administration or other factors which
may contribute to metabolic alkalosis by mechanisms
possibly unrelated to potassium effects. Although it is
true that potassium depletion is a necessary condition for
the maintenance of the alkalosis caused by desoxycortico-
sterone administration [11], this should not be taken to
mean that potassium depletion alone is a sufficient con-
dition.
Recently, the importance of ECF volume contraction
in regulating bicarbonate reabsorption has been stressed.
In fact, it has been argued [12] that the principal mediator
of sustained metabolic alkalosis in chloride depletion may
not be some result of hypochloremia per se, but rather,
ECF volume contraction. In our experiments it is of
interest that despite the presence of significant ECF volume
contraction (indicated by higher hematocrit and plasma
protein concentration) potassium depletion was still not
associated with metabolic alkalosis. However, it may be
that if potassium depletion of a more severe degree or
longer duration is induced, or if a different basal diet or
rat species is used, chronic metabolic alkalosis may result.
Statistical analyses. In these studies as well as in other
micropuncture experiments, at least two general statistical
issues recur. One relates to the confidence one can place
in group comparisons using limited numbers of animals
and the second involves the problem of handling of data
from different rats where widely different numbers of
1 Struyvenberg et al [10] reported that 6 male Wistar rats after
approximately 5 weeks of dietary potassium restriction had
plasma total CO2 content about 8 mEq/liter higher than that
of similarly treated animals permitted access to potassium for an
additional 3 to 10 days.
tubules may have been sampled from each rat. The sta-
tistical appendix (see below) provides original derivations
for the two models which permit us to efficiently detect a
given treatment difference for a stipulated level of con-
fidence, thereby enhancing the sensitivity of the experi-
mental procedure.
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Appendix
The method of statistical analysis has been derived in-
dependently under two linear models viz. Model I (un-
paired analysis), Model II (paired analysis). In both cases
we shall obtain the best linear unbiased estimates (BLUE)
by the method of least squares and summarise the testing
procedure in an appropriate Analyses of Variance table.
1) Model I (unpaired analysis)
Let
k=1,...,n1
j=1,...,n,
where Y, k is the value of the dependant variable for the
i" treatment for the J'11 animal on the kth tubule; t is the
common mean effect; r is the effect of the ith treatment;
cc is the effect of the J" animal while under the i't' treat-
ment and Cjjk is the internal effect (random error) of the
kth nephron of the Jth animal given the i'1' treatment. We
shall assume that jk are i.i. d as N(0, v.2).
1.1) Notation
t 1
N= total no. of observations = n
i=1 3=1
ft j
E, y, j k1c1
T,=
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T=T
1y2= Yjk1=1 j=1 k=1
C F=T/N
T= F
E1 [ (E?i/nii)_C.F]_Tyyj=1 j1
I,,= Zy2—C F—T—E
Treatment t—l A= A/C
T/(t— 1)
Between
animals
n'= (n1— 1)
= 1
B=E/n' B/C
Error
I ni
n"= (n1—
I = 1 j= 1 I) I, C=I/n"
1.4) Least significant difference (Sensitivity). The LSD
between the jth treatment and the control that could be
detected by the experiment at a % level of confidence is
given by M, where
M=t/2,n.x]/( + ' )n1 nj=1 j=1
where t12, is the Student's —t of (l—c/2) percentile Total
with n" degrees of freedom.
2) Model II (paired analysis)
Let
YIJk=p+ocj+iJ+ Yjk+Cijk k= I fl
where Y1 k is the value of the dependant variable for the ith
animal for the Jth treatment on the kth tubule; p is the
common mean effect; cc is the effect of the jth animal; rj is
the effect of the th treatment; Yik is the effect of the kthl
tubule of the th animal and eIJk is the random error
assumed i.i.d as N(O, a2).
2.1) Notation
N= total no. of observations = (tnt) x t
L= YIjkj=1 k=1
T= Y1Jki=1 k=1
T=T
RIk YIJk
1=1 j=1 k=1
C F=T2/N
E=L/n1 t—C F
Between n—i E1 B= B/C
animals E /(n— 1)
Treatments t— i T,,,, A= A/C
T/(t— I)
Between n'= (n1— I) J,,,, D/C
tubules i=I
Error n" (by sub-
traction)
I, (by
subtrac-
tion)
C=
1.2) Anova tables
Source of Degree of
variation freedom
Sum of Mean
Squares Squares
Fratio
Total N—i 1y2— C F
1.3) BLUE estimates
=T/N
=T/n1,_Ji
= R/t—C
F—Eyyi=1 k=1
F
2.2) Anova tables
Source of Degree of Sum of Mean F ratio
variation freedom Squares Squares
N—I Ey2—CF
2.3) BLUE estimates
& =L1/tn1—
=T,/nj_
71k = R1k/t 011
=C
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2.4) Least significant difference (Sensitivity). The LSD
between the ith treatment and the control that could be
detected by the experiment at cc % level of confidence is
given by M, where
M=t12,x
E
1=1
where t12 ,,. is the Student's —t of (1— c/2) percentile with
n" degrees of freedom.
Note. Interactive computer programs that performed
the above analyses were written in York APL and run
on an IBM 360/65 computer.
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